The sufficiency of the dietary protein allowances recom mended by the Ministry of Health and Welfare of Japan for various physical exercises has not been examined. We investigated the protein requirement for moderate-intensity physical exercise using nitrogen bal ance in the isoenergetic state. Seventeen healthy college students exer cised for 10 days with an adaptation period of three days and non-exercise control period of 10 days. They were given a maintenance level of energy and 1.08g/kg per day of high quality mixed proteins recommended by the Ministry of Health and Welfare of Japan throughout the experimental period. They performed treadmill running during the exercise period at about 65% of VO2max for 25, 41 or 48min/day, which required 200, 300 or 400 kcal of extra energy, respectively. Although the exercise increased dermal nitrogen loss, urinary nitrogen excretion tended to decrease. Consequently, the exercise ranging from 200 to 400 kcal/day did not significantly alter the nitrogen balance. Thiobarbituric acid-reactive substances and glutathione disulfide were not increased after exercise, suggesting that the moderate exercise, recommended for health promo tion by the Ministry of Health and Welfare of Japan, does not cause oxidative damage to healthy subjects. These findings demonstrate that a protein intake of 1.08g/kg per day is enough for moderate exercise. Key Words moderate exercise, protein allowance, dermal nitrogen loss, nitrogen balance
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The Ministry of Health and Welfare of Japan advises that sedentary Japanese people should make an effort to exercise more to promote their health, and recommends that people perform additional physical exercise of 100-300 kcal/day depending on their activity levels (2) . The recommended dietary allowance of protein for Japanese adults is 1.08g/kg per day. However, it has not been examined whether a protein intake of 1.08g/kg per day is adequate for people performing additional physical exercise of 100-300 kcal/day. Several studies on the effects of exercise on the protein metabolism have been reported. Gontzea et a1. (3) found a negative nitrogen balance in subjects that performed muscular activity on a bicycle ergometer (8-10 kcal/min, six times per day for 20min each) for four days with a protein intake of 1.0g/kg per day. In contrast, Torun et al. (4) reported that 1.0g protein/kg per day satisfied the protein requirement for young men performing isometric exercises (2.9 kcal/min , 75min/ day) for four to six weeks, but not 0.5g protein/kg per day. However, the type, intensity and duration of exercise in these studies were not comparable . In most other studies on protein requirement for exercise, the intakes of energy and nutrients were not strictly controlled (5, 6 ). The differences in dietary intake and exercise level may have resulted in variations of the protein requirement because of the changes in dermal nitrogen loss and urinary nitrogen excretion during exercise (7, 8) .
The purpose of this study is to ascertain the sufficiency of the current Japanese dietary protein allowance (1.08g/kg per day) for moderate exercises as recom mended by the Ministry of Health and Welfare. In addition, the adverse effects of exercise in terms of oxidative stress as well as beneficial effects on blood lipids were examined.
METHODS
Subjects. The subjects were 17 healthy, male college students. The ages, heights, body weights and skin fold thicknesses of the subjects are listed in Table 1 . The 17 subjects were divided into three groups by exercise levels of 200 (group 1 , n=5), 300 (group 2, n=6) and 400 (group 3, n=6) kcal/day.
The subjects understood the purpose and the protocol of the study, and gave a written consent to participate. This study was approved by the Committee of Bioethics, School of Medicine, the University of Tokushima.
Experimental period. The experimental period lasted 23 days: 3-day adapta tion period to the experimental diet, and 10-day exercise and 10-day non-exercise periods. Two or three of the subjects in each group carried out treadmill running for the first 10 days, and were freed from the task the next 10 days. The other three subjects received the task in reverse order.
Exercise. The running speeds were individually set at 120-150m/min to accommodate moderate-intensity exercise of about 65% of each subject's maximum oxygen uptake (VO2max). The average treadmill running time for groups 1 (200 kcal/day), 2 (300 kcal/day) and 3 (400 kcal/day) were 25, 41 and 48min/day, respectively. In groups 1 and 2, subjects ran once a day from 17:00. In group 3, treadmill running equivalent to 200 kcal was undertaken twice a day from 10:00 and 17:00. Diet. The energy intake during the non-exercise period was 42.8, 43.8 and 42.9 kcal/kg per day for groups 1, 2 and 3, respectively ( Table 3 ). The additional energy of 200, 300 or 400 kcal/day consumed during exercise was supplied by increasing the amounts of dextrin and salad oil. Consequently, the energy intake during the exercise period was 47.2, 49.0 and 49.9 kcal/kg per day for groups 1, 2 and 3, respectively (Table 3) . Protein intake throughout the 23-day experimental period was 1.08g/kg per day (Table 3) . Whole egg, skim milk powder, rice, bread and canned tuna fish in oil were used as the high-quality mixed protein source ( Table 2 ). The subjects took a sufficient amount of vitamins and minerals. Examples of the recipe and ingredients of the experimental diets are shown in Table  2 . Food energy and protein contents were calculated using the Standard Tables of Food Composition in Japan (9) .
Measurements. The VO2max was estimated on the day before starting the experiment using the breath-by-breath method (MMC4400tc, Sensor Medics, USA). Body weight was measured every day at 07:00 after urination. Urine was collected every 24h, and the daily urinary nitrogen loss was determined. In group 1, urine was collected three a day on days 4, 7 and 10 during the exercise and non-exercise periods, between 07:00 and 17:00, 17:00 and 20:00, and 20:00 and 07:00, in order to examine the immediate effect of exercise on urinary nitrogen excretion. Feces were separately pooled during non-exercise and exercise periods. Dermal nitrogen loss was measured during the last three days of each study period according to the method described by Calloway et al. (10) .
In the morning of the first and last days of the exercise and non-exercise periods, fasting blood was drawn from the antecubital vein to examine the effects of the 10-day exercise on blood constituents. Additionally, in order to examine the rapid changes in blood constituents by exercise, venous blood was drawn before and immediately after exercise on the fifth day of the exercise period. The nitrogen contents in the urine, feces and integuments were determined by a modified micro-Kjeldahl method. The urinary, fecal and dermal nitrogen losses were expressed as mg/kg per day.
The hematocrit (11), hemoglobin content (12) and the concentrations of plasma total protein (13), albumin (14) , triglyceride (15) , phospholipid (16), total cholesterol (17), high-density lipoprotein (HDL) cholesterol (18), free fatty acids (15) , pyruvic acid (19), lactic acid (19) and glucose (20) were measured. The lipid peroxide contents in the blood were estimated by measuring the levels of thiobarbi turic acid-reactive substances (TBARS) (21). The concentrations of reduced glutathione (GSH) and its disulfide (GSSG), and the activities of glutathione peroxidase (GPX) and superoxide dismutase (SOD) were measured as previously described (21). nitrogen balance was not affected by exercise ranging from 200 to 400 kcal/day. The above findings show that the maintenance level of energy and allowance level of protein were adequate for most of the subjects to maintain a positive nitrogen balance during the exercise period. Effect of exercise on biochemical parameters in blood Changes in biochemical parameters in blood immediately after exercise were examined on the fifth day of the exercise period (Table 5 ). Hematocrit and the concentrations of hemoglobin, plasma total protein and albumin were within their normal ranges. A single exercise brought about significant increases in the concen trations of pyruvate, lactate and free fatty acids in the plasma, while it did not result in significant changes in the concentrations of glucose, triglyceride, total cholesterol or HDL cholesterol. A bout of exercise ranging from 200 to 400 kcal did not alter plasma GSH concentration, blood TBARS content or the activities of SOD and GPX in blood, except for a small increase in GPX activity in group 3.
Changes in blood constituents due to 10 days of exercise are shown in Table 6 . Hematocrit and the concentrations of hemoglobin, plasma total protein, albumin, glucose, pyruvate and lactate were not influenced by exercise. Plasma triglyceride concentration was decreased sharply by exercise in two subjects showing over 150 mg/100ml before exercise (Fig. 1) , suggesting a favorable effect of exercise. The 10-day exercise did not significantly affect the concentration of GSH, blood TBARS levels or the activities of SOD and GPX in peripheral blood, which indicates no apparent oxidative damage due to the exercise. ate Exercise 67 Table 6 . Changes in blood constituents after 10-day exercise period in subjects receiving diets containing the maintenance level of energy and allowance level of protein. compensated by a decrease in urinary nitrogen excretion, and almost all of the exercised subjects maintained their nitrogen balance. Our results indicate that the allowance level of protein intake is adequate for Japanese young men performing moderate exercise. In this study, plasma triglyceride concentrations in two subjects showing over 150mg/100ml triglyceride before exercise decreased appreciably after the 10-day exercise period (Fig. 1) , but other plasma lipids did not alter (Table 6 ). In connection with this, there are reports that prolonged exercise brought about a rapid fall in plasma triglyceride in subjects with hypertriglyceridemia (23). Even in the above two subjects, we did not find any change in the concentration of plasma triglyceride after a single exercise (Table 5) . Similarly, Cullinane et al. (24) observed no changes in serum triglyceride immediately after an acute bout of exercise. Thus, we presume from above findings that prolonged exercise is necessary to reduce plasma triglyceride concentration.
There are reports showing that heavy and/or unfamiliar exercises increase oxygen consumption and enhance lipid peroxidation (25), causing muscle damage (26) or acute necrotic myopathy (27) through markedly accelerated oxygen radical-dependent processes. The amounts of TBARS, GSH and GSSG, and the activities of GPX and SOD in blood or plasma have been frequently used to assess the extent of oxidative stress. Thus, we examined whether moderate physical exercise induced oxidative stresses using these parameters. As seen in Table 5 , there was no acute change in all of the parameters examined immediately after a bout of exercise, except for significant increases in the plasma GSSG content in groups 2 and 3 and in GPX activity in group 3. Even in these cases, no significant increase in lipid peroxide content was observed. Moreover, the 10-day exercise did not affect these parameters in any of the groups of subjects (Table 6) . From these results, we concluded that exercise-induced oxidative stress did not appear in our subjects.
In conclusion, this study shows that the dietary protein allowance recom mended by the Ministry of Health and Welfare of Japan is sufficient for young men performing exercise of moderate intensity ranging from 200 to 400 kcal/day. However, it is still unknown whether the results obtained are applicable to seden tary middle-aged or elderly people. In addition, the protein requirements of young adults under heavier and/or more prolonged exercise should be further studied.
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